Introduction
Metabolic syndrome is a worldwide, general metabolic disorder, with a year-by-year increasing prevalence. It is well known as a constellation of elevated fasting glucose, central obesity, dyslipidemia (raised triglycerides and lowered high-density lipoprotein cholesterol [HDL-C]), and raised blood pressure co-occurring within an individual. When these components are grouped together, they are associated with an increased risk of cardiovascular disease. 1 However, the syndrome is associated with so many definitions that it is difficult to clarify its nature in both clinical practice and academic research. Therefore, the International Diabetes Federation (IDF) and the American submit your manuscript | www.dovepress.com
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Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) cooperated to propose a unified definition of metabolic syndrome:
2 three abnormal components out of five now define metabolic syndrome, with the five components comprising the following: 1) elevated waist circumference: population-and country-specific definitions; 2) elevated triglycerides: $150 mg/dL (1.7 mmol/L) (drug treatment for elevated triglycerides is an alternate indicator); 3) reduced HDL-C: ,40 mg/dL (1.0 mmol/L) in males and ,50 mg/dL (1.3 mmol/L) in females (drug treatment for reduced HDL-C is an alternate indicator); 4) elevated blood pressure: systolic $130 mmHg and/or diastolic $85 mmHg (antihypertensive drug treatment in a patient with a history of hypertension is an alternate indicator); and 5) elevated fasting glucose: $100 mg/dL (drug treatment for elevated glucose is an alternate indicator).
Compared to the widely used definitions given by the National Cholesterol Education Program Adult Treatment Panel III in 2001 and the IDF in 2005, abdominal obesity is specified according to population and country in these jointly created criteria. 3 The waist circumference thresholds for Asians currently recommended by both the IDF and the World Health Organization are $90 cm in males and $80 cm in females, the same as the criteria of Taiwan's Ministry of Health and Welfare. The importance of metabolic syndrome in Taiwan is evidenced by the doubling of its prevalence in the country from 13.6% to 25.5% based on two official Nutrition and Health Surveys (NAHSIT 1993 -1996 and NAHSIT 2005 , which were conducted 12 years apart. 4 The lifetime risk for kidney stone disease currently exceeds 6%-12% in the general population, 5, 6 and the prevalence and incidence rate of kidney stone disease are increasing globally and differ in terms of gender, race, and environment. 5, 7, 8 More importantly, the association of nephrolithiasis with the components of metabolic syndrome including obesity, elevated blood pressure, dyslipidemia, and glucose intolerance has been found in recent studies. 6, 9, 10 The definite causal relationship remains controversial, but some pathophysiological mechanisms have been discussed, such as abnormalities of renal calcium metabolism behind the association between hypertension and nephrolithiasis, decreasing urinary pH and defective ammonium excretion related to obesity and insulin resistance, and renal lipotoxicity caused by triglycerides.
Nephrolithiasis causes not only acute illness to patients who are suffering severe pain, but also numerous medical expenditures. If we could verify the relationship between nephrolithiasis and metabolic syndrome, we may prevent both of them by controlling the risk factors, especially in a healthy population. However, there is currently little evidence to support this relationship in a healthy population, especially in Asia. Because we lack the evidence to prove the correlation in healthy population in Taiwan, we conducted this study to investigate the association between nephrolithiasis and metabolic syndrome in a healthy population group.
Methods
We conducted a cross-sectional study in the Health Examination Center of Changhua Christian Hospital, Changhua City, Taiwan, from January 2010 to December 2010. The study protocol was approved by the Ethics Committee of Changhua Christian Hospital, Taiwan (CCH IRB No 150803). Because this was a retrospective study and all the personal data were delinked and unidentifiable, the Ethics Committee waived the requirement of obtaining patient consent.
study design and participants
We retrospectively reviewed the medical records of those who visited the Health Examination Center of Changhua Christian Hospital in 2010. Enrolled in this study was a total of 3,886 individuals who underwent physical examination (height, weight, and waist circumference), laboratory tests (complete blood cell count/differential count, basic chemistry, serologic tests, thyroid function tests, assays for tumor markers, and stool/urine analysis), and renal ultrasonography. According to the exclusion criteria, those with an age below 20 years (n=2), history of primary or secondary hyperparathyroidism, and abnormal renal function (creatinine .1.2 mg/dL) (n=91) were excluded. Finally, 3,793 subjects were included.
Data collection
All subjects completed a questionnaire that requested information on demographic data including age, gender, smoking, alcohol consumption, betel nut chewing, family history, past history (including diabetes mellitus, hypertension, renal stone, etc.), and medication history (including antidiabetic agents, antihypertensive agents, etc.). Waist circumference (to the nearest 0.1 cm) was measured at the midpoint between the lower border of the rib and iliac crest. The sitting blood pressure was obtained by the standard blood pressure measurement. A blood sample was drawn after an overnight fast (at least 8 hours). Fasting plasma glucose, serum total cholesterol, HDL-C, triglycerides, and creatinine were measured using the auto-analyzer (Beckman Coulter DxC 800; Beckman Coulter, Inc.). Ultrasonography was operated and interpreted by one of the experienced nephrologists in this hospital. 
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Diagnosis of metabolic syndrome
The diagnostic criteria of metabolic syndrome were as follows: 1) elevated waist circumference: $90 cm in males and $80 cm in females; 2) elevated triglycerides: $150 mg/dL (1.7 mmol/L) (drug treatment for elevated triglycerides was an alternate indicator); 3) reduced HDL-C: ,40 mg/dL (1.0 mmol/L) in males and ,50 mg/dL (1.3 mmol/L) in females (drug treatment for reduced HDL-C was an alternate indicator); 4) elevated blood pressure: systolic $130 mmHg and/or diastolic $85 mmHg (antihypertensive drug treatment in a patient with a history of hypertension was an alternate indicator); and 5) elevated fasting glucose: $100 mg/dL (drug treatment for elevated glucose was an alternate indicator). The criteria are based on the IDF and the AHA/NHLBI criteria, which are the same as those of the Ministry of Health and Welfare in Taiwan. Metabolic syndrome was defined as the presence of three or more of these five criteria.
Diagnosis of nephrolithiasis
The renal ultrasonography was performed and interpreted by nephrologists unaware of the objectives of the study and blinded to the laboratory values. All of the reports were reviewed, and the diagnosis of nephrolithiasis was defined by the demonstration of hyperechoic structure causing acoustic shadowing in kidneys.
statistical analyses
Categorical variables are reported as number (percentage) and continuous variables as mean ± standard deviation. Betweengroup differences were compared using chi-square tests for categorical variables and Student's t-tests, Mann-Whitney U test, or analysis of variance for continuous variables. Univariate and multivariate logistic regression models were used to assess the association of metabolic syndrome and its components with nephrolithiasis, with results expressed as odds ratios (ORs) and 95% confidence intervals (CIs). Statistical analyses were performed using IBM Statistical Package for the Social Sciences (SPSS) version 18.0. All P-values are two-tailed, and P,0.05 was considered statistically significant.
Results
The mean age of the 3,793 participants was 46.49±11.91 years. The prevalence rate of nephrolithiasis was 16.8% (n=639). Table 1 shows the demographic characteristics of the nephrolithiasis and non-nephrolithiasis groups. There were significant differences in mean age, body mass index (BMI), waist circumference, blood pressure, triglycerides, HDL, low-density lipoprotein (LDL), fasting glucose, serum uric acid, and creatinine. Urinary pH showed no significant difference (P=0.89).
Based on the IDF and the AHA/NHLBI criteria, which are same as those of the Ministry of Health and Welfare in Taiwan, the prevalence rate of metabolic syndrome was 25.5% (n=967). Table 2 lists the demographic characteristics of the metabolic syndrome and non-metabolic syndrome groups. The mean age, gender, BMI, waist circumference, blood pressure, triglycerides, HDL, LDL, fasting glucose, serum uric acid, and urinary pH were all significantly different between the metabolic syndrome and non-metabolic syndrome groups. As the number of metabolic syndrome components increased, mean age, BMI, waist circumference, blood pressure, triglycerides, LDL, fasting glucose, and serum uric acid increased (all P,0.001), whereas HDL and urinary pH decreased (P,0.001). 
Discussion summary
Consistent with other previous studies, [11] [12] [13] this study revealed the significantly increased risk of nephrolithiasis associated with metabolic syndrome. Furthermore, when the numbers of metabolic syndrome components increased from one to five, the OR of nephrolithiasis increased from 1.520 to 2.986. We also found a significant association between nephrolithiasis and abdominal obesity, hypertension, and insulin resistance, 
45
The association of nephrolithiasis with Mets and its components but not with dyslipidemia and urine pH. The association was not causal because this is a cross-sectional study. The possible reasons for this will be discussed in the following paragraphs.
strengths and limitations
This study is the first to investigate the correlation of metabolic syndrome and risk of nephrolithiasis in Taiwan. Metabolic syndrome is believed to relate to gallbladder stone and was proven in a previous study, 14 but the relationship of metabolic syndrome with nephrolithiasis has been less commonly noted. In order to apply this result to the general population, a large number of healthy participants were enrolled and subjected to a comprehensive examination process. To be more precise, this study used the unified definition by the IDF and the AHA/NHLBI which is universally considered as the most acceptable definition and most suitable for the Asian population. 1, 11 There are a number of limitations in this study. First, no causal relationship could be established because this is a cross-sectional study, and not a longitudinal study. Second, because no stone analysis was performed, it is difficult to clarify the definite relationship between submit your manuscript | www.dovepress.com
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liu et al metabolic syndrome and the different types of kidney stones. Third, the urine pH was not measured by pH electrode, and spot urine pH was tested by dipstick. Determination of urine pH by methods other than pH electrode is subject to error. Moreover, urinary pH has cyclic variations throughout the day. Finally, selection bias might exist because the subjects voluntarily received the health examinations.
Comparison with existing literature
Abdominal obesity was associated with a 1.338-fold increased risk of nephrolithiasis in our study. A prior analysis also found a positive association between waist circumference and risk of nephrolithiasis. 15 However, the mechanism whereby obesity increases the risk of nephrolithiasis is uncertain. The production of free fatty acid related to visceral obesity results in increased glucose, triglycerides, very LDL, and LDL and decreased HDL in the liver, resulting in insulin resistance. 11 The low urine pH caused by insulin resistance is considered to be an important factor in urine lithogenicity, especially in uric acid stone formation. Increasing calcium, oxalate, and uric acid by excess nutritional intake has also been reported, 16 and Powell et al 17 reported that urinary excretion of sodium, calcium, magnesium, citrate, sulfate, phosphate, oxalate, uric acid, and cystine was increased in the obese group. After performing a cohort study that surveyed participants' urine pH and 24-hour urinary excretion of calcium, oxalate, citrate, uric acid, sodium, magnesium, potassium, and phosphate, Taylor and Curhan 18 noted that the association between nephrolithiasis and obesity may come from these excess excretions of urinary materials, although other retrospective population studies did not disclose such association or similar relationships in well-established calcium stone formers. Therefore, we concluded that the significantly positive relationship between nephrolithiasis and obesity in our study was reliable and that further study to clarify the mechanisms should be undertaken.
Our results confirmed that elevated blood pressure ($130/85 mmHg) was independently associated with the development of nephrolithiasis, with a 1.333-fold increased risk. This epidemiological evidence is consistent with earlier studies including either cross-sectional studies or prospective cohort studies. [19] [20] [21] Still, the causative relationship and pathophysiologic mechanisms remain uncertain. The calcium leak hypothesis was considered to be a possible mechanism, with Borghi et al 22 suggesting that hypercalciuria is an important risk factor of the calcium oxalate calculi formation. Obligado and Goldfarb proposed that increased urinary calcium excretion (hypercalciuria) caused by the abnormal nephron calcium handling in a hypertensive population is an important risk factor of stone formation. 9 However, some evidence suggests that there is no association between hypertension and hypercalciuria from the analysis of urine compositions. 23, 24 On the other hand, we found that low urine citrate was significantly associated with hypertension.
Our study reveals that there was a 1.276-fold increased risk of nephrolithiasis in participants with elevated fasting glucose. There have been several epidemiological reports that strongly support the correlation between diabetes mellitus and nephrolithiasis in western countries. [25] [26] [27] [28] [29] In Asian population, a review article by Liu et al in 2015 showed that there was a definite association between diabetes and urolithiasis. 30 There are two Taiwanese cohort studies that reported an increased risk of urolithiasis in a diabetic group. 31, 32 Insulin resistance has been previously considered the most correlative factor between the metabolic syndrome and nephrolithiasis. 10, 33 Ando et al performed a homeostasis model assessment of insulin resistance (HOMA-IR) and found significantly higher HOMA-IR and insulin in women with kidney stones. 34 The relationship between insulin resistance and uric acid stones is well known, with the decreased production and transport of ammonia caused by insulin resistance leading to lower urine pH being the most widely promoted hypothesis. 10, 11, 35 The unduly acidic urine interferes with the uric acid solubility and then leads to precipitation and increased risk of uric acid stone.
Although more acidic urine was found in the metabolic syndrome group, there was no significant association between urine pH and nephrolithiasis in our study. We hypothesize two reasons for this. First, calcium kidney stones account for the majority of nephrolithiasis, and the mechanism of calcium stone formation in metabolic syndrome is different from that of uric acid stones, as mentioned. The hypothesis of the relationship between calcium stone and metabolic syndrome includes supersaturation hypothesis, Randall's plaques, and the oxidative stress with inflammation. 36 Cupisti et al suggested that in calcium stone formers, insulin resistance may decrease urinary citrate excretion. 37 Unlike hyperacid urine in uric stone formation, decreased urinary citrate excretion occurring in calcium stone formation reveals no significant reduction of urine pH. The other reason might be that even in the uric acid stone formation, urine pH is not the only determining factor because lithogenicity is a complex physicochemical process. According to the review of Wong et al, only two-thirds of uric stone formers had undue acidity in urine related to insulin resistance. 11 However, bias and errors may exist because the spot urine pH testing by 
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Implications for research and/or practice
In conclusion, this study reinforced the association between metabolic syndrome and nephrolithiasis. Abdominal obesity, elevated blood pressure, and increased fasting glucose were all independently related to nephrolithiasis. Therefore, adequate lifestyle modification and proper treatment in metabolic syndrome management may contribute to nephrolithiasis prevention.
